Bacteriophages T3 and T7, although closely related, are observed to exclude one another during mixed infection (9, 10) . If a cell is infected simultaneously with both viruses, only one or the other viral type is found among the progeny; only rarely (<5% of the time) does a mixed burst occur. If one virus is given a temporal advantage, the exclusion is even more complete, and only the preinfecting viral type is found among the progeny (9, 10) . To investigate these phenomena in more detail, we wished to determine which gene(s) of T7 might be responsible for the exclusion of superinfecting bacteriophage T3 particles.
The early region of bacteriophage T7 DNA comprises five genes, which are numbered in map order as genes 0.3 to 1.3 (16; see Table 1 ). Whereas this region of the genome is transcribed by the host RNA polymerase, the late phage genes are transcribed by a phage-specified RNA polymerase that is the product of gene 1 (4, 22) . In the absence of a functional phage RNA polymerase, the expression of the phage genome is limited to the early region (12, 18) . This feature of T7 gene expression permits a determination of the role of the early genes in superinfection exclusion.
Largely through the work of Studier (17, 19, 20) , a collection of mutants of bacteriophage T7 is available in which none, only one, or various combinations ofthe early genes are active during infection (Table 1) . We have determined the contribution of these early genes to superinfection exclusion in the following manner. A culture of Escherichia coli was infected with an appropriate mutant of bacteriophage T7, and 3 min later the culture was superinfected with wildtype bacteriophage T3. The infected cells were harvested, washed, and plated on an indicator lawn that would permit replication of bacteriophage T3 but would not permit replication of bacteriophage T7.
The choice of bacterial strains for these experiments requires comment. Of the five early genes of bacteriophage T7, two are essential for growth in the indicator bacterium (E. coli B), genes 0.3 and 1. In all phage tested, gene 1 was defective by virtue of an amber mutation. Progeny from these T7 particles (if any) would not plate on the indicator lawn, which is Su-(unable to suppress amber mutations). The second T7 gene needed for productive infection is gene 0.3, which is required to overcome host restriction systems (20) . Whereas phage defective in this gene may be propagated in strains of E. coli lacking a restriction system (e.g., E. coli C [2, 20] ), development of such phage is blocked in E. coli B. All T7 strains tested were defective in one or both of these two genes. Depending upon the T7 gene product to be tested, the host cell chosen for coinfection by T3 and T7 particles was either E. coli C (nonrestricting, Su-) or E. coli C1757 (nonrestricting, Su+) (23) .
The results of this analysis are presented in Table 1 . Under conditions in which all T7 early genes were active in the infected cell, superinfecting bacteriophage T3 particles were efficiently excluded (Table 1, line 12 ). In contrast, when cells were preinfected with T7 particles defective in all early genes, little superinfection exclusion was observed (line 3). When tested individually, the most effective of the early gene products of phage T7 in superinfection exclusion was that of gene 1 (line 11) . From the data presented here, we cannot determine whether the exclusion was due to the action of the phage RNA polymerase itself, or is the result of expression of late phage genes which are under the control of this enzyme. Both bacteriophage T3 and bacteriophage T7 specify RNA polymerases during infection, but each phage polymerase exhibits greatest activity with its homologous template (5) . It has been suggested that binding of the heterologous enzyme to the DNA of coin- .02 aThe T7 mutants used in this study were generously supplied by F. W. Studier. Their properties have been described (16, 17, 20) . Bacteriophage T3+ was from the collection of E. K. F. Bautz.
bE. coli C (2) is nonrestricting and does not suppress amber mutations (Su-); E. coli C1757 (23) 'Bacteria (E. coli C or C1757) were grown to a density of 3 x 108 cells per ml at 30°C in M9 medium (17) and exposed to bacteriophage T7 at an input ratio of 10 phage particles per cell. After 3 min, wild-type bacteriophage T3 particles were added, also at a ratio of 10 particles per cell, and incubation continued for a further 3 min. The infected culture was diluted 10-fold in ice-cold M9 medium and harvested by centrifugation (7,500 x g, 5 min). The infected cells were washed once with ice-cold medium and resuspended in the original volume of medium. Suitable dilutions of the washed culture were plated on an indicator lawn of E. coli B (17) . The number of plaques observed for each sample has been expressed as a fraction of the number observed in a control culture that was not exposed to preinfecting bacteriophage T7 particles. The results of six separate experiments are presented. The number of plaques observed on the indicator lawn which arose from bacteriophage T3+ particles that failed to adsorb to T7-infected cells (and which would, therefore, not be excluded) was determined by treating control samples (lines 1 (13a) . Recently, Schweiger and co-workers have implicated this gene in permeability changes that occur shortly after T7 infection (14) and have demonstrated that this gene participates in the exclusion of coinfecting bacteriophage T3 or T7 particles (11) . The data we have presented here are in agreement with the latter findings.
Interestingly, superinfection exclusion does not appear to require protein synthesis on the part of the preinfecting phage particles: if preinfection is carried out in the presence of chloramphenicol exclusion is almost as effective as in the absence of the drug (Table 1 , line 5). Similar findings have been reported by HirschKauffmann et al. (11) , and these authors have suggested that gene 0.3 protein may be a constituent of or modify the viral capsid. Studier (20) , however, was unable to identify gene 0.3 protein in complete phage particles, even under conditions in which one molecule equivalent per phage particle could be detected.
Another possibility to account for the role of gene 0.3 in superinfection exclusion is that during replication this gene product affects the structure of newly synthesized phage DNA in such a way as to assure the rapid and preferential expression of progeny DNA during subsequent cycles of infection. Phage defective in this gene would yield progeny that would be at a disadvantage during mixed infection. The gene 0.3 products of bacteriophages T3 and T7 both act to protect the phage DNA against host restriction systems (20, 21) . Although the mechanism by which these products act is unclear, the gene 0.3 product of phage T3 has been identified as an S-adenosylmethionine-cleaving enzyme (SAMase) that prevents the methylation of T3 DNA by host enzymes (1, (6) (7) (8) . A complete block in host methylation is not required to overcome host restriction, however, since T7, which does not induce SAMase activity, escapes restriction and yields progeny particles containing methylated DNA (7, 20) . Similarly, Hausmann (8) has isolated SAM-mutants of bacteriophage T3 which fail to induce SAMase activity but develop normally in restricting hosts. It is possible that bacteriophage T7 and the T3 SAM-mutants only partially inhibit, or alter the specificity of, the methylation enzymes of the host cell. Krueger et al. (13) 
